A frequency (or sequence)-dependent rule seems to be conserved in a simple and concerted interaction of various human proteins.
We are currently interested in developing a method for effective elucidation of specific ligand-receptor interaction (or signal transduction process) using both the mRNA and the cognate amino acid sequences. To accomplish this, we have investigated various ligand-receptor interactions with the sequence Fourier analysis reported in the preceding papers. 1, 2) Of biologically active proteins, 3) we first focused on the analytical results (Figs. 1a, b) derived from the naturally occurring (i.e., sense) amino acid sequence of bovine adrenocorticotropic hormone (ACTH) (bACTH; 24aa), 4) and from the antisense peptide encoded by a nucleotide sequence complementary to the mRNA for bACTH. Their specific interaction has experimentally been observed by Blalock and his colleagues, 5) but this work is still controversial. Interestingly, two characteristic peaks ( fϭ0.1719 and 0.3281, where f signifies the frequency value by the sequence Fourier analysis in ref. 1) are observed as major peaks in both the figures.
In the course of investigating various ligand-receptor interactions, 6) we next happened to notice that two characteristic peaks ( fϭ0.0313, 0.4688) in the spectra derived from both the sense-and the antisense-amino acid sequences (Figs. 2a, b, respectively) of human calcitonin (hCT; 32aa) are in close proximity to those ( f ϭca. 0.03, 0.4697) of the receptor (hCTR; 468aa) (Figs. 3a, 3b) , of which the existence of four potentially N-glycosyl groups on the extracellular region is completely neglected. Two such peaks were also observed in salmon calcitonin I (sCT I; 32aa) (Figs. 4a, b), having fifty times as strong activity as hCT. 7) Furthermore, only one peak ( fϭ0.0313) was observed in hCTR (452aa) deleted 16aa in the putative first intracellular loop of hCTR (468aa). The loop region does not seem to be directly involved in the binding to hCT, however. In addition, the hCTR (468aa) has already been reported to have ten times as strong binding affinity to sCT I as the hCTR (452aa). Based on the two examples described above, we tentatively devised a series of the following operations as a hypothetical working procedure, in order to examine the characteristic peak(s) in various specific ligand-receptor interactions 3, 6) reported previously;
1) The number of peaks selected is tentatively fixed up to the 15 higher ones 9) derived from the sense-and from the antisense-amino acid of a given protein, 10) respectively. 2) Of the 15 higher peaks from the sense amino acid sequence of a given protein is (are) to be extracted the peak(s) with almost the same f value ( fϮ0.006) between the senseand the antisense-amino acid sequences of a given protein.
3) Of 15 higher peaks from the sense sequence of a given protein is (are) to be extracted the peak(s) almost overlapping ( fϮ0.012) with those from the antisense amino acid sequence reflected at the center of the abscissa ( f ϭ 0.2500). 11) 4) Continuously, the same procedure as described in 2) or 3) is individually repeated for the concerned characteristic peaks selected from the sense amino acid sequence of a given protein and those from the sense sequence of the specific binding partner, as the application of sense/antisense peptide interactions. 12) 5) Thus, the common peak(s) to specify the interaction between a given protein and the receptor protein is (are) determined from the 15 higher peaks derived from their sense amino acid sequences.
Under the conditions described above, two peaks ( f ϭca. 0.03, ca. 0.46) derived from the sense sequence of sCT I or hCTR could be determined from two different directions, that is, from sCT I to hCTR and vice versa. In hCT, however, only one direction from hCTR ( f ϭ0.0337, 0.4697) to hCT ( f ϭ0.0313) is allowed. To assess the potential of this operation, we examined the relationship between CTs (or hCTR) and the various receptors (or ligands). 6) We found the relationship between CTs and hCTR to be fairly selective, though a similar relationship was observed between one of them and several other proteins including BMPRIB or IL2 (data not shown). 3, 6) Among various specific ligand-receptor interactions, 6) we especially note the relationship between VP1 of four coat proteins [VP1 (302aa), VP2 (272aa), VP3 (238aa), VP4 (68aa)] 13) of poliovirus 1 and the human receptor (CD155; 397aa).
14) The analytical results of VP1 and CD155 are shown in Figs. 5 and 6, respectively. In this case, one ( f ϭ0.2217) of the two peaks ( f ϭ0.2217, 0.2715) derived from VP1 agrees with that ( f ϭ0.2305) from CD155 within the observational error. A similar result was obtained in the VP3/CD155 relationship, but not in VP2 or VP4 (data not shown). Unexpectedly, such a similar result between one of the receptors (i.e., CD155, CD81 or CD120b) and the spike glycoprotein of coronavirus 229E (1158aa) [or SARS (1239aa)] was obtained, while no relation of the latter one with CD13 (967aa) could be successfully elucidated 15) (data not shown).
Furthermore, we describe two exceptional results: i) the relationship between FGF1 (155aa) and the receptor (i.e., FGFR2; 800aa), and ii) that between tumor necrosis factor-a (TNF-a) (157aa) and 75 kd TNFR (CD120b; 439aa). In the former relationship: i) heparan sulfate proteoglycan is directly involved in the ligand-receptor interaction as the third compound. 16) Based on the analytical results of FGF1 and FGFR2 (data not shown), no characteristic peaks could be found in their 15 higher peaks, as in the relationship between FGF1 and FGFR1 (799aa), FGF2 (156aa) and FGFR1, or FGF2 and FGFR2 (data not shown). The present method thus would not be able to explain multi to multi reaction. A similar example is the relationship between human prion and laminin receptor 1. 17) Otherwise, in the case of ii), one direction from CD120b ( f ϭ0.0845 and 0.4214) to TNF-a ( f ϭ0.4277) is allowed (figures not shown), but one (i.e., the above condition 2) of the two-symmetry operations (i.e., the above conditions 2 and 3) for CD120b itself is unsatisfied. This result would have something to do with the ligand passing 18) indicated as a biological role of CD120b. In addition, no relationship between 55 kd TNFR (i.e., CD120a) and TNF-a was directly observed. 19) The number of test samples investigated here may still not be sufficient to discuss the generality of a specific ligand-protein interaction. In addition, the elucidation accuracy by this method depends on the length of the amino acid sequence used. Nevertheless, based on the analytical results a frequency (or sequence)-dependent rule seems to be conserved in a simple and concerted interaction of other human proteins, except those used in this study. 
